Prior studies of emotion suggest that young adults should have enhanced memory for negative faces and that this enhancement should be reduced in older adults. Several studies have not shown these effects but were conducted with procedures different from those used with other emotional stimuli. In this study, researchers examined age differences in recognition of faces with emotional or neutral expressions, using trial-unique stimuli, as is typically done with other types of emotional stimuli. They also assessed the influence of personality traits and mood on memory. Enhanced recognition for negative faces was found in young adults but not in older adults. Recognition of faces was not influenced by mood or personality traits in young adults, but lower levels of extraversion and better emotional sensitivity predicted better negative face memory in older adults. These results suggest that negative expressions enhance memory for faces in young adults, as negative valence enhances memory for words and scenes. This enhancement is absent in older adults, but memory for emotional faces is modulated in older adults by personality traits that are relevant to emotional processing.
Assessing, responding to, and remembering the emotional content of visual images in the environment, such as faces of friends and acquaintances, are abilities used on a daily basis. The past few years have seen a dramatic increase in the study of emotion and its influence on memory. Young adults consistently show better memory for emotional compared with nonemotional verbal material (B. P. Bradley & Baddeley, 1990; Carstensen & Turk-Charles, 1994; Dewhurst & Parry, 2000) and for scenes depicting emotional events (M. M. Bradley, Greenwald, Petry, & Lang, 1992; Charles, Mather, & Carstensen, 2003; Kensinger, Brierley, Medford, Growdon, & Corkin, 2002; Ochsner, 2000) . These studies were in agreement that young adults remember negatively valenced items better than neutral stimuli. With respect to positively valenced items, there have been discrepant findings in the literature, with some studies reporting better memory for negative than for positive materials Ochsner, 2000) and others reporting equal performance (M. M. Bradley et al., 1992; Dewhurst & Parry, 2000; Ferre, 2003; Kensinger et al., 2002) .
The effect of aging on the processing of emotional stimuli and the emotional enhancement of memory has been a topic of recent research as well. Although some have reported equivalent memory for emotional stimuli in young and older adults (Comblain, D'Argembeau, Van der Linden, & Aldenhoff, 2004; Denburg, Buchanan, Tranel, & Adolphs, 2003; Kensinger et al., 2002) , a study of memory for emotional scenes found that younger adults had better recall of positive and negative scenes, compared with neutral ones, whereas older adults had better recall of positive scenes, compared with both negative and neutral ones. These results were interpreted in the context of the socioemotional selectivity theory (Carstensen, Fung, & Charles, 2003; Gross et al., 1997) , which proposes that older adults have better emotional regulation skills than young adults, allowing them to focus on positive rather than negative events.
Work on memory for faces and their depicted emotions has been far less common. Data from prior studies of labeling emotional expressions in faces and brain imaging studies suggest that memory for negative faces should be better than memory for neutral faces in young adults, as is the case with pictures or words, and that older adults should show a reduction in this effect. That is, young adults have increased activity in the amygdala when viewing negative emotional stimuli, including negative faces (Anderson, Christoff, Panitz, De Rosa, & Gabrieli, 2003; Canli, Zhao, Brewer, Gabrieli, & Cahill, 2000; Critchley et al., 2000; Morris et al., 1998) , and this activity is related to later memory for this material (Cahill et al., 1996; Canli et al., 2000; Dolcos, LaBar, & Cabeza, 2004; Kensinger & Corkin, 2004) . Activity in the amygdala during viewing of negative faces is lower in older adults (Gunning-Dixon et al., 2003; Iidaka et al., 2002) , and they make more errors in labeling the specific negative emotions in faces compared with young adults (Calder et al., 2003; Keightley, Winocur, Burianova, Hongwanishkul, & Grady, 2006; MacPherson, Phillips, & Della Sala, 2002; McDowell, Harrison, & Demaree, 1994; OscarBerman, Hancock, Mildworf, Hutner, & Weber, 1990; Phillips, MacLean, & Allen, 2002) . However, prior work has shown neither a clear memory enhancement for negative faces nor an age effect. Although one study found that young adults recognized both positive and negative faces better than neutral faces, and that older adults showed poorer memory for negative faces, others have found better memory for positive faces in both young and older adults (D'Argembeau & Leigland, Schulz, & Janowsky, 2004) .
Some of the variability among studies of emotional face memory may be due to methodology. The two experiments reporting better memory for positive faces were conducted with a small number of faces that were shown repeatedly and with a variety of emotional expressions for each face, creating discriminability issues that may have overridden-or at least confused-the actual nature of emotional memory effects in young and older adults. For example, in the study by D'Argembeau and , the stimuli were photographs of 12 individuals with happy or angry expressions, and participants were instructed to study and remember them for a later test. The recognition test was conducted with neutral versions of the same faces that had not been seen at study. Leigland et al. (2004) used photographs of only 6 different people expressing a variety of emotions, and each individual was seen multiple times during study. Some of the foils were pictures of these same 6 individuals with expressions not seen at study. These procedures are quite different from the one used in studies of emotional scenes and words, in which each stimulus during encoding is unique and expresses a single emotion. Hence, one of our goals was to examine memory for emotional faces using trial-unique stimuli, such that each face expressed only one emotion and was seen only once during encoding and then again during recognition. This approach should enable an evaluation of memory for faces that is comparable with the research on memory for words and scenes.
It also is possible that the way in which emotional faces are initially processed could influence memory. There is evidence that happy facial expressions are detected faster than any other expression (e.g., Kirita & Endo, 1995; Leppanen & Hietanen, 2004; Suzuki, Hoshino, & Shigemasu, 2006) . This suggests that encoding tasks that allow rapid judgments of positive expressions, such as judging the emotional valence of the face or rating its emotion, might lead to impoverished encoding of these faces, which in turn could result in poor memory for positive faces. On the other hand, if the faces are viewed multiple times at study, or participants are encouraged to study them carefully for a later memory test, the influence of emotional expression on memory might be different. As we wanted to assess memory unbiased by potential rehearsal factors that may otherwise interact with emotion or influence memory in older adults (Rahhal, May, & Hasher, 2002) , we tested recognition after an incidental encoding task. This task, requiring participants to judge whether the facial expression was positive, negative, or neutral, has been used in some of our earlier work and can be performed equally well by older and younger adults (Keightley et al., 2006) . To determine the contribution of speed of identifying face valence to recognition accuracy, we assessed the impact of reaction time (RT) during the initial processing of the faces.
As well, we considered the role of personality traits and mood, as there is evidence for an interaction between these measures and emotional memory. With respect to personality, there is evidence that neuroticism is associated with memory for negative information, whereas extraversion is associated with memory for positive items (Rusting, 1999) . Because evidence of age decreases in levels of neuroticism and extraversion has been reported across multiple cultures (McCrae et al., 1999; Zonderman, Siegler, Barefoot, Williams, & Costa, 1993) , we assessed personality factors and considered the impact of these factors on age differences in emotional memory. Similarly, high scores on a test measuring alexithymia, a personality trait associated with difficulty in identifying and describing emotions, are related to reductions in the ability to accurately label emotional faces (Parker, Taylor, & Bagby, 1993) . Increased levels of alexithymia with age have been reported (Pasini, Delle Chiaie, Seripa, & Ciani, 1992) , but the influence of this trait on emotional memory is unknown. Keightley et al. (2006) have previously reported that extraversion and emotional sensitivity influence identification of emotional facial expressions in older but not younger adults, and these variables also could influence memory for emotional stimuli in older adults.
Mood is also known to affect memory for emotional material, such that negative mood is associated with better memory for negative stimuli or life events and positive mood is associated with better memory for positive material (Rusting, 1999; Yang & Rehm, 1993) , the so-called mood congruence effect. Indeed, older adults sometimes have more reported positive affect or mood or less negative affect than younger adults (Barrick, Hutchinson, & Deckers, 1989; Gross et al., 1997; Mroczek & Kolarz, 1998) , which could contribute to poorer memory for negative stimuli in this age group. Previous work has shown that the effect of mood on memory for emotional (Knight, Maines, & Robinson, 2002) and nonemotional material (Deptula, Singh, & Pomara, 1993 ) is larger in older adults than in young adults. Taken together, this work suggests that subjective emotional experience and personality traits may influence cognitive function to a greater degree in older adults than in young adults, consistent with the theory that emotional information is more salient as we age . We therefore thought it important to explore the influence of both mood and personality measures on age differences in memory for emotional faces. This is the first study to do so, to our knowledge.
In the experiment reported here, we tested incidental recognition for faces with emotional and neutral expressions in young and older adults using the sorts of trial-unique stimuli commonly used in studies with verbal or scene materials (e.g., Ochsner, 2000) . We expected that young adults would show enhanced memory for negative faces, compared with neutral faces, similar to findings with other types of stimuli. We also expected that memory for positive faces would be worse than that for negative faces because of the rapid identification of positive faces when first encountered. On the basis of findings of less activity in the amygdala for negative faces in older adults, and age differences in labeling of negative facial expressions, we predicted that older adults would show less of a memory enhancement for negative faces compared with young adults. Finally, we expected that memory for emotional faces would be more strongly related to personality traits and measures of mood or emotional sensitivity in older adults, consistent with earlier work on personality and mood, as well as with a recent report of stronger relations between these measures and emotional face judgments in older adults (Keightley et al., 2006) .
Method

Participants
A sample of 40 young adults (ages 18 -29 years) and 40 older adults (ages 60 -81 years) participated in the experiment. Participants were obtained either from the participant pool at the Rotman Research Institute at Baycrest (which includes adults of all ages recruited from the greater Toronto area) or from the University of Toronto, and all were right handed. An equal number of men and women were represented in both age groups. Participants were in good health and were screened for a history of neurological and psychiatric illness and current depression and anxiety disorders. Exclusion criteria included the use of psychotropic medication and uncorrected vision and hearing. All participants gave informed consent for the experiment, which was approved by the Research Ethics Board at Baycrest.
Participants were asked to complete several questionnaires, including measures of general intellectual function and measures of mood and personality. Mental status and intellectual function were assessed with the Mini-Mental Status Examination (Folstein, Folstein, & McHugh, 1975 ) and the Mill Hill Vocabulary Scale (Raven, 1982) , respectively. Mood was assessed with the Positive and Negative Affect Schedule (Watson, Clark, & Tellegen, 1988) , and emotional sensitivity was assessed with the 20-item Toronto Alexithymia Scale (TAS; Taylor, Bagby, Ryan, & Parker, 1990) . Personality was assessed with the NEO Five-Factor Inventory (McCrae & Costa, 1987) , which assigns scores on five personality traits: neuroticism, extraversion, agreeableness, conscientiousness, and openness.
Young and older groups had equivalent years of education (see Table 1 ). The young adults had slightly higher mental status scores on the Mini-Mental Status Examination, although all of the older adults scored in the normal range (Ն26), t(68) ϭ 2.4, p Ͻ .05. The older adults had significantly higher vocabulary scores, t(68) ϭ 3.1, p Ͻ .01. There were no significant group differences on any of the personality scales, but the older adults scored higher on the measure of positive mood, t(68) ϭ 3.0, p Ͻ .01, and the young adults scored higher on negative mood, t(61, unequal variances) ϭ 2.1, p Ͻ .05.
Stimuli
To create a set of 180 faces that ranged in age and ethnicity, we collected photographs with positive (happy and surprised), negative (angry, sad, disgusted, fearful), and neutral expressions from magazines, websites, and databases (including the Japanese and Caucasian Facial Expressions of Emotion and Neutral Faces, Biehl et al., 1997) . All photographs were shown in black and white and adjusted so they measured approximately 150 mm ϫ 185 mm on the computer screen. Initial ratings for the emotional valence of the stimuli were obtained from 12 young volunteers (M ϭ 23.6 years, SD ϭ 4.4 years) who did not participate in the memory testing session. The emotional valence of each face was rated on an 11-point scale ranging from highly negative (Ϫ5) to highly positive (5). The responses were categorized as highly negative (ratings of Ϫ4 or Ϫ5), negative (Ϫ2 or Ϫ3), neutral (Ϫ1, 0, or 1), positive (2 or 3), or highly positive (4 or 5). Only stimuli that were consistently rated in one of the above five categories by the majority of individuals (i.e., 10 out of 12) were retained. The raters were also asked to indicate any familiarity with the stimuli, and only unfamiliar faces were used.
As a further check on the reliability of the valence of these stimuli in older as well as young adults, we obtained ratings of valence and arousal for the resulting stimulus set (180 faces) from separate groups of young, middle-aged, and older adults, none of whom participated in the memory experiment (see Appendix A). Volunteers made these ratings on 5-point scales for both valence (ranging from 1 ϭ highly negative to 5 ϭ highly positive, with 3 ϭ neutral) and arousal (ranging from 1 ϭ no arousal to 5 ϭ highly arousing) using self-assessment mannequins (M. M. Bradley et al., 1992) . Positive faces were rated highest on valence and negative faces were rated lowest, with neutral faces receiving intermediate ratings. Positive and negative faces were rated equivalently for arousal, and both were rated as more arousing than neutral faces. Neither valence nor arousal ratings differed with age (see Appendix A).
Two presentation lists were created from this set of materials, each with 20 stimuli per valence (positive, negative, and neutral) and with an equal number of male and female faces (lists were counterbalanced across participants). The recognition task con- sisted of 60 "old" faces (i.e., those presented during the encoding tasks) and 60 "new" faces (20 of each valence), with 10 of each gender per valence. As much as possible, across encoding and recognition sets, we matched old and new faces for their general characteristics (e.g., age and ethnicity) to reduce the possibility that any unique visual or semantic aspect of a face would act as a memory cue during the recognition phase.
Experimental Procedure
Participants saw a series of faces and judged the expression of each as positive, negative, or neutral by pressing the appropriate response key. They were not told that there would be a memory test. RTs were measured during the valence judgment so we could assess the influence of this variable on recognition accuracy. The study phase was followed by administration of the questionnaires described above. Participants were given 15-20 min to finish these measures. Following completion of the questionnaires, the facerecognition memory task was administered.
Stimuli were presented on a laptop computer with a 17-in. screen (Toshiba Satellite Pro, 4200 series). During the encoding tasks, each stimulus was presented for 2.5 s, followed by an interstimulus interval of 1 s, in which a fixation cross was displayed in the center of the screen. For the recognition task, which was subject paced, stimuli were presented one at a time and participants made old or new judgments. During all tasks, instructions (i.e., the appropriate keys for each response) were presented on every trial at the bottom of the screen.
Data Analysis
Prior to analysis, we examined overall recognition scores to ensure inclusion of data from participants who demonstrated above-chance performance. For this purpose we used a corrected accuracy score (proportion of hits minus proportion of false alarms) of Ն0.10, which resulted in the elimination of 10 older adults (leaving 14 men and 16 women) and of no young adults.
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Corrected recognition accuracy was analyzed with a repeated measures analysis of variance, in which emotional valence was the within-subject factor and age group was the between-subjects factor. For the repeated measures, we used within-subject contrasts designed to test our hypotheses that memory for negative faces would be enhanced relative to positive and neutral faces and that age differences would be largest for negative faces. These consisted of Helmert contrasts that compared scores for negative faces with the mean of positive and neutral faces and then contrasted scores for positive and neutral faces. Thus, for the main effect of valence and the interaction of Age ϫ Valence, there were two contrasts per analysis of variance. Encoding data were analyzed in the same way, although on the basis of our earlier work (Keightley et al., 2006) , we did not expect any age differences in encoding accuracy.
To assess the influence of the mood and personality measures on emotional face processing and memory, we carried out a series of backward regression analyses on the encoding accuracy and corrected recognition accuracy measures for positive and negative faces separately in young and older adults. These regression models included as predictors the following variables: the five personality measures from the NEO, mood scores from the Positive and Negative Affect Schedule, and the score on the emotional sensitivity scale (TAS).
Results
The means for encoding accuracy and the hits and false alarms from the recognition test are shown in Table 2 . The corrected recognition scores (hits minus false alarms) are shown in Figure 1 . Contrary to our expectations, there was a significant effect of age on encoding accuracy, F(1, 68) ϭ 7.3, p Ͻ .01, 2 ϭ .10. In addition, there was a significant difference between encoding accuracy for negative faces and encoding of positive and neutral faces, F(1, 68) ϭ 6.2, p Ͻ .02, 2 ϭ .08, as well as a difference between positive and neutral faces, F(1, 68) ϭ 50.0, p Ͻ .001, 2 ϭ .42. It is important, however, that neither of the contrasts for the interaction of age and encoding accuracy was significant, indicating that the encoding of negative faces was not disproportionately lower in the older group.
In terms of recognition, negative faces were recognized better than neutral and positive faces, F(1, 68) ϭ 25.2, p Ͻ .001, 2 ϭ .27 (see Figure 1 ). In addition, neutral faces were better recognized 1 The 10 omitted older adults did not differ from the remaining older participants in age, education, Mini-Mental Status Examination, vocabulary, or any of the personality or mood scores. The results of the analyses of variance with the entire sample of older adults were the same as those reported here. than positive faces, F(1, 68) ϭ 8.1, p Ͻ .01, 2 ϭ .11. There also was a significant main effect of age, with older adults performing more poorly than young adults, F(1, 68) ϭ 22.0, p Ͻ .001, 2 ϭ .24. The age difference in accuracy for negative faces was significantly larger than that for positive and neutral faces, F(1, 68) ϭ 5.3, p Ͻ .05, 2 ϭ .07. The difference in performance between young and older groups was equivalent for neutral and positive faces (F Ͻ 1).
To determine whether the effects of valence were reliable in both young and older adults, we analyzed performance in the two groups separately. Young adults recognized negative faces better than neutral and positive faces, F(1, 39) ϭ 46.6, p Ͻ .001, 2 ϭ .54, and neutral faces better than positive faces, F(1, 39) ϭ 4.0, p ϭ .05, 2 ϭ .09. For older adults, recognition of negative faces was not reliably different from recognition of positive and neutral faces, F(1, 29) ϭ 2.2, p Ͼ .05, 2 ϭ .07. However, the older adults had better memory for neutral compared with positive faces, F(1, 29) ϭ 4.2, p ϭ .05, 2 ϭ .13. Because the older adults were less accurate overall at encoding the faces, we wanted to rule out the possibility that their lower recognition scores for negative faces were simply a function of their ability to judge the emotional valence of these faces. To do this, we recalculated the corrected accuracy scores in both groups on the basis of the proportion of hits for those faces that were accurately judged during the encoding task. Using the same cutoff of 0.10 for overall recognition accuracy (see the Method section), we dropped 9 older adults from this analysis. The results of the analysis of variance on these recognition measures were unchanged from those reported above. Critically, there was still a bigger age difference in recognition of negative faces compared with positive and neutral faces, F(1, 69) ϭ 4.6, p Ͻ .05, 2 ϭ .06. Both young and older adults showed poor recognition memory for positive faces, consistent with the idea that positive faces are encoded more quickly and less effectively than faces with negative or neutral expressions. To test this idea further, we examined whether encoding speed, as indexed by the time taken to make the emotional judgment, accounted for the difference in recognition across valence. An RT difference measure was calculated for each participant by averaging the RT to judge the valence of negative and neutral faces and subtracting from this average the RT for positive faces (young adults, M ϭ 263 ms, SD ϭ 146 ms; older adults, M ϭ 396 ms, SD ϭ 205 ms).
2 This RT difference measure was then entered as a covariate into an analysis of covariance of corrected accuracy with age group and face valence as factors. The rationale for this analysis was that if memory for positive faces was influenced by poor encoding associated with more rapid responses to these faces, then covarying out the difference in encoding time between positive faces and those with other expressions should reduce the difference between positive face memory and memory for negative or neutral faces.
These analyses of covariance were done separately on young and older adults, as the effects of valence differed between the groups. For young adults, the superior recognition of negative faces remained after controlling for encoding RT differences, F(1, 38) ϭ 12.3, p ϭ .001, 2 ϭ .24; the positive versus neutral difference was no longer significant (F Ͻ 1). For older adults, the difference in recognition of neutral and positive faces was no longer significant (F Ͻ 1), and the contrast between negative faces and those with other expressions remained nonsignificant. These analyses suggest the possibility that the poor memory for positive faces, relative to neutral faces, may be associated with differences in time spent judging the valence of the facial expressions. However, encoding time had little impact on the memory enhancement for negative faces shown by young adults.
The remaining question was whether any of the mood or personality variables influenced encoding or memory for emotional faces in either the young or older adults (the correlations between all the personality and mood variables are included in Appendixes B and C). None of these measures significantly predicted either the encoding or the recognition scores in the young adults (all r 2 s Ͻ .10). In the older group, encoding of positive faces was significantly predicted by negative mood scores from the Positive and Negative Affect Schedule, F(1, 26) ϭ 9.9, p Ͻ .005, r 2 ϭ .28. Lower scores on the negative mood scale in older adults were associated with more accurate encoding of positive faces (␤ ϭ Ϫ0.52), t(25) ϭ Ϫ3.1, p Ͻ .01. None of the personality measures significantly predicted encoding of negative faces in older adults, although there was a trend for greater emotional sensitivity (i.e., lower scores on the TAS) to predict better encoding, F(1, 26) ϭ 3.1, p ϭ .09, r 2 ϭ .11. In terms of recognition in older adults, none of the personality measures significantly predicted recognition of positive faces, although there was a trend for lower scores on negative mood and extraversion to predict better memory for positive faces, F(1, 26) ϭ 3.1, p ϭ .06, r 2 ϭ .20. Finally, more accurate recognition of negative faces in older adults was significantly predicted by several of the personality measures, F(4, 27) ϭ 3.9, p Ͻ .02, r 2 ϭ .41. Better memory for negative faces was predicted by lower scores on extraversion (␤ ϭ Ϫ.48), t(25) ϭ Ϫ2.4, p Ͻ .05; openness (␤ ϭ Ϫ.44), t(25) ϭ Ϫ2.4, p Ͻ .05; and the TAS (␤ ϭ Ϫ.53), t(25) ϭ Ϫ2.6, p Ͻ .02. That is, older adults who rated themselves as less outgoing and less open to new experiences, but who showed greater sensitivity to their emotions, had better memory for faces with negative expressions. There also was a trend for an association between better memory for negative faces and lower negative mood in older adults (␤ ϭ Ϫ.34), t(25) ϭ Ϫ1.9, p ϭ .07.
Discussion
There are three novel findings from our experiment. First, we found that using a procedure that shows enhanced memory for negative pictures and words in young adults also resulted in better recognition of faces with negative expressions, compared with both positive and neutral faces. Positive faces were remembered most poorly, an effect associated with spending less time on the faces during the emotion judgment task. Second, the memory enhancement for negative faces compared with neutral and positive faces was absent in older adults, who also showed lower overall recognition. Finally, we found support for the hypothesis that personality traits and mood have a greater influence on both encoding and recognition of emotional faces in older than in young adults. Greater accuracy on the emotional judgment task and on face recognition was predicted by a number of the personality measures and by negative mood scores, whereas none of the personality or mood measures predicted performance in young adults.
Enhanced Memory for Negative Faces
Our initial hypothesis was that young adults would show better memory for negative faces compared with both positive and neutral faces. We found support for this hypothesis, indicating that negative valence enhances memory for faces, just as it enhances memory for words and scenes (e.g., Kensinger et al., 2002; Ochsner, 2000) . However, our findings differ from those of several studies reporting better memory for positive than for neutral or negative faces, as we did not find this effect for either young or older adults. Methodological differences between experiments and differences in encoding across face valence likely account for this variability in results. As mentioned in the introduction, two previous studies of emotional face memory (D'Argembeau & Leigland et al., 2004) used only a few individual faces that were shown at test with different emotional expressions; alternatively, the same person's face, with an expression not seen at study, was used as both a target and a foil. In contrast, we had participants recognize the same face with the same emotional expression, and each face was seen with only one emotional expression. That is, each face seen during encoding in our experiment was unique and was not repeated, except as an "old" face during the recognition tests. Both the D'Argembeau and and the Leigland et al. (2004) studies may thus have tapped memory for the different emotions expressed by the same individual, rather than memory of emotional faces per se. Because our experiment was designed to be more like studies done with words and scenes, which also use trial-unique stimuli at study and test (e.g., Ferre, 2003; Ochsner, 2000) , it is not surprising that our finding of better memory for negative faces is in line with results from these other experiments, which also found better memory for negative stimuli. Our results, taken together with previous work, suggest that the familiarity of the face interacts with emotional expression and may influence the salience of this expression and memory for the emotional content of the face. In line with this idea, a recent neuroimaging study reported that activity in the amygdala in response to emotional face expressions was greater when different faces were used than when the same face was used repeatedly (Glascher, Tuscher, Weiller, & Buchel, 2004) .
A notable aspect of our results is how poorly the positive faces were recognized. We had hypothesized that positive faces might be encoded to a lesser degree than negative faces and that this might result in poorer memory, which is indeed what we found. The fact that controlling for encoding time removed any differences in recognition between positive and neutral faces, but did not affect enhanced memory for negative faces, indicates that the time spent encoding the faces leads to poor memory for positive faces but does not account for the superior memory for negative ones. Similarly, it is unlikely that differences in arousal can account for our results. The negative and positive faces used in this study were rated by both young and older adults as equally arousing (see Appendix A), yet the young adults' memory was better for the negative faces. Similarly, both positive and negative faces were rated as more arousing than neutral faces, yet memory for neutral faces did not differ from that for positive faces, once encoding RT was taken into account. Thus, the pattern of memory results does not parallel the differences in arousal ratings. It is interesting that the apparent lack of influence of arousal on emotional face memory is in contrast to evidence that arousal plays a role in memory for emotional scenes (Canli et al., 2000) and words (Kensinger & Corkin, 2004) . This could be due to differences in levels of arousal elicited by various emotional stimuli, or it could indicate differences in how these stimuli are processed by the amygdala or by other brain areas mediating emotion.
Age Differences in Emotional Face Memory
The older adults in these experiments showed lower memory overall compared with young adults. This finding is consistent with earlier reports of age-related differences in face memory (Bartlett, Leslie, Tubbs, & Fulton, 1989; Crook & Larrabee, 1992; Grady et al., 1995; Smith & Winograd, 1978) . As well, the older adults showed no enhancement of recognition for negative faces relative to positive and neutral faces. This finding is similar to the lower accuracy shown by older adults in labeling specific negative expressions, such as fear and anger (Calder et al., 2003; Keightley et al., 2006; MacPherson et al., 2002; McDowell et al., 1994; Oscar-Berman et al., 1990; Phillips et al., 2002) , although we ruled out the possibility that a deficit in encoding negative expressions was responsible for the memory deficit. Differentially poorer memory for negative faces in our older adults is consistent with lower amygdala activity in elderly persons when viewing negative stimuli (Gun-ning-Dixon et al., 2003; Iidaka et al., 2002; Mather et al., 2004) and with the deficits in negative face identification and memory for negative stimuli seen in patients with damage to the amygdala (e.g., Adolphs, Cahill, Schul, & Babinsky, 1997; Adolphs et al., 1999; Anderson & Phelps, 2000; Phelps & Anderson, 1997) . Thus, it is possible that lower memory scores for negative faces in older adults could be due to less intense responses to these stimuli in the amygdala, which would reduce the influence of amygdala activity on other medial temporal lobe structures that is thought to underlie memory enhancement for negative emotional material (e.g., Cahill & McGaugh, 1998; Dolcos et al., 2004) .
We also found that older adults, as well as young adults, showed no difference in recognition of positive and neutral faces (after controlling for encoding RT). Our results are not consistent with the idea that older adults have a bias toward positive emotions and will therefore remember positive better than negative stimuli . However, our results are consistent with an attentional or motivational bias away from or suppression of negatively valenced information. On the other hand, our data could also be explained by a change in brain function with age, which would be in line with the idea that older adults have less modulation of memory structures by the amygdala when negative stimuli are encountered, without invoking a motivational mechanism. It is not currently possible to determine from the results of previous studies, and our own, whether age differences in emotional memory are because of alterations of brain activity, which lead to behavioral differences, or whether age differences in motivation and emotional regulation alter behavioral strategies that in turn are reflected in brain activity. Nevertheless, our results add to the evidence that memory for negatively valenced information is more vulnerable to the effects of age than memory for positive material. In addition, our finding of the influence of initial processing of positive faces on later recognition of these faces in older adults, as well as in young adults, suggests that theories attempting to explain the effect of aging on emotion will need to consider this aspect of face processing as it relates to a hypothesized "positivity bias."
The regression analyses showed that personality traits influenced memory for faces in only the older adults. Better encoding and recognition of positive faces were predicted by lower negative mood, although this effect was more robust for encoding. We also found a weak association between mood and negative face recognition, such that decreased negative mood predicted increased memory for negative faces in the older adults. Neither of these findings is what would be expected from the idea of mood congruency, which predicts that memory for positive or negative material is associated with higher positive or negative mood, respectively (Rusting, 1999) . Although an association between low negative mood and better memory for positive items is not entirely inconsistent with this notion, our data support an alternative interpretation. That is, our finding of better memory for both positive and negative faces in those older adults with lower negative mood suggests that increased negative mood may adversely affect judging and remembering emotional faces in older adults regardless of the valence of the emotional expression. This suggests that some effects of negative mood are nonspecific in older adults and that negative mood in general has a larger influence on emotional memory in older adults than positive mood. On the other hand, the relation between negative mood and negative face memory in older adults was only a trend, and not significant, so this effect will need to be replicated.
In addition to the mood effects, scores on the personality measures also predicted face memory in older adults. We did not find an association between neuroticism and negative face memory, as might have been expected (Rusting, 1999; Yang & Rehm, 1993) . Instead, higher scores on the positive personality traits of extraversion and openness predicted lower recognition accuracy for negative faces in older adults. One explanation of this result could be that it is due to a negative correlation between extraversion and neuroticism in the older group (r ϭ Ϫ.62; see Appendix C). This might indicate that our finding of higher extraversion and poorer memory for negative faces is consistent with the opposite side of the coin (i.e., higher neuroticism and better negative memory). On the other hand, positivity and negativity of both mood and personality measures are thought to represent independent dimensions and typically are not highly correlated (Watson, Wiese, Vaidya, & Tellegen, 1999) . So, a more likely explanation for our regression results is that negative stimuli may be less salient for those older adults who are more open and extraverted, or may even be avoided by them (consistent with socioemotional selectivity theory; Carstensen et al., 2003) , and therefore are remembered more poorly. It is of interest that a measure of emotional sensitivity was predictive of negative face memory in older adults. Those with higher scores on this measure, and hence less insight into their own and others' emotional behavior, had worse memory for negative faces and tended to judge the emotional valence of these faces less accurately as well. This finding, in conjunction with those of studies showing a reduction in emotional sensitivity with age (Pasini et al., 1992) , suggests that older age influences the response of individuals to emotion in general, which in turn affects their ability to remember emotional information. Our results therefore suggest that the influence of personality traits and mood on memory for emotional material increases with age, as we have found for perception of emotional stimuli (Keightley et al., 2006) .
The ability of personality to predict emotional memory in older adults was found even though we did not find the age differences in personality that have been described by others (McCrae et al., 1999) . This raises the interesting possibility that some of the variability across experiments in whether an age difference in emotional memory is found could result from unassessed differences in personality traits in the older participants. That is, the older participants sampled in studies that have not found an age difference in emotional memory might differ in terms of personality traits from the participants sampled in studies finding such an effect. This would indicate that assessment of personality, and perhaps affect as well, should be a component of future studies looking at age effects on emotional memory regardless of what type of stimuli are used.
Conclusion
Young adults showed better recognition of faces with negative expressions than of faces with either positive or neutral expressions. This enhancement for negative face recognition was not seen in older adults. The age reduction in memory enhancement for negative faces, together with evidence of a greater influence of personality on emotional memory in older adults, suggests that the complex interplay of emotion and cognitive processes may change over the life span. This age difference in memory for negative emotional faces is likely to be related to the brain mechanisms responsible for processing different emotions and how these mechanisms are altered or spared by the aging process.
